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DsTau(NA65) Experiment: 

Study of Tau Neutrino Production at CERN/SPS



VTau neutrino is one of the least studied particles

Áonly a few measurements: 

ÅDirect ’beam: DONUT (DIS) - first direct evidence of tau-neutrino 

interaction 

ÅOscillated ’: OPERA (DIS), Super-K (QE), IceCube(DIS).

Ácross section error >50% (DIS) due to systematic uncertainty in ’production
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VFutureɜŰmeasurements

Á SHiP(SPSC-P-350): highstatisticsmeasurementat the SPS

Á reducestatisticaluncertaintyfrom 33% in DONuT

Á indirectlyFASER

Study of tau neutrinos

VA new precise measurement of the ɜŰcross section 

Á test lepton universality

Á new physics effects in ɜŰCC interactions

Tau-neutrino 

measurements

Cross section measurements of the three 

neutrino flavors (in high-energy region)
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VThe intrinsic charm parameterization predicts an enhancement of forward charm production

Á May change forward neutrino rate

Á Could be a key input for high energy neutrino measurements by large scale Cherenkov observatories such as IceCube

Forward charm production

V Neutrino experiments need data on the forward charm production

FASER case (7 - 7 TeV)
SHiPcase (400 GeVp-N) interaction
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Ç DsTaugoals

Á Study of the tau neutrino production by Ds decays

Á reduce the systematic uncertainty of ’† flux production from 50% to 10 %

Á first measurement of ╓▼double differential production cross section

Á fundamental input for future ɜŰexperiment (like FASER,  SHiP)

The DsTau(NA65) experiment ïphysics goals

Ç By product: Study of open charm production

Á In tungsten/molybdenum target: ~ 4.5 x 105 charm pairs produced

Á In other materials (emulsion/plastic): ~ 2.7 x 105 charm pairs produced

Á Detection of ~105 charm pairs

ɜŰproduction study: DsTau (NA65)

Ç Principle of the experiment:

Á detection of  òdouble-kink + charm decayò topology within few mm

Á τȢφ ρπprotons,ςȢσ ρπproton interactions in tungsten/molybdenum

╓▼ᴼⱲO ╧decays
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400 GeVproton

ⱨⱲsource: ╓▼O ⱲO ╧decays

ḗ5mm

Double king topology

Double charm hadron production
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DsTau(NA65) @ CERN

Ç DsTauis an experiment of SPS Research Programmewith the title ñStudy of tau neutrino productionò

Ç It was approved as NA65 experiment in June 2019  

Ç Detectors: modules of Nuclear Emulsions interlaid with tungsten/molybdenum, 

plastic in first part, and lead/tungsten plates, plastic in the second part

Ç Milestones:
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Test beam 2016

ωTest of detector structure

Test beam 2017

ωImproved detector structure

ωRefine exposure scheme

Pilot run 2018

ω1/10 of the full-scale experiment with tungsten target 

ω30 modules, 50 m2

Physics run 2021-2022

ωFull scale experiment with tungsten and 
molybdenum targets

ωAiming at 1000 Ὀ ᴼ†O ὢevents

ω10 % uncertainty on ’ flux



Nuclear emulsion detector
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Emulsion films

cross-sectional view of an emulsion film electron microscope picture 

of silver halide crystals track of a relativistic particle 

20 ɛm

Plastic base(210 ˃ m)
Emulsionlayer(70 ˃ m)

x̀ = 50 nm

ʻ

ˋ̒= 0.35 mrad
(0.02° )

Single emulsion film
High angular resolution tracker
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Kink angle of Ds Ҧ ̱decays
Average king angle = 7 mrad



Emulsion based detectorstructure for DsŸ ŰŸ X measurement

1 unit (5.5 mm)

Proton
beam Ds

˄̱

˄̱

D+

X

X'

ˍ

Plasticsheet(200 ˃ m)
Emulsion film(140 ˃ m)
Tungsten (0.5 mm) / 
molybdenum (1 mm) plate

Decay module
10 units, 0.1 ‗
(total 100 emulsion films)

Momentum analyzer (original design)
26 emulsion films + 25 lead

Proton 

400GeV

Transverse dimension 25 cm x 20 cm, 8.6 cm thick

Proton tagger

Experimental set-up (2016, 2017, 2018)  
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Module structure for momentum estimation was change for 
2021 physics run 

Á Initial  structure had 
more material Ą too high 
track density

Å Dedicated scanning 
is required

Á Reduce material, butstill 
sufficient performance

Á Making data taking 
procedure simple

V Momentum measurement is relevant to reject low energy events 

(MCS mimicking ╓▼ᴼⱲO ╧events)

Initial

New

Experimental set-up 
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Initial : leademulsionECC New: additional tungstenunits

Structure 25ï1 mm lead,26emulsionplates 3ï0.5 mm tungsten,25emulsionplates

Momentum 

resolution

15ï40% (upstreamev.)

35ï45% (downstreamev.)

15ï40% (upstreamev.)

35ï45% (downstreamev.)

Weight 15.0 kg 2.4 kg

Z ï7.3 cmYï20 cm

Xï25 cm

Proton beam (Z)- 105 protons/cm2

(uniform irradiation) 

1 module

10 units 

(total 100 emulsion films)

ECC for momentum measurement 

(26 emulsion films interleaved with 1 mm thick lead plates)

Proton 

400GeV

10 units 

(total 100 emulsion films)

Momentum analyzer for events at 
downmost tungsten plates:
3 tungsten plates and 25 emulsion plates 

Proton 

400GeV

Initial

Starting with 2021



ÁFull area scanning by a fast scanning system to select ŰŸ X 

Á It selects decays with ȹɗ> 100 mrad

ÁPrecision measurement to detect Ds Ÿ Ű decay (a few mrad)

ÁDedicated high-precision systems

Proton
beam Ds

ɜŰ

ɜŰ

D+

X

X'

Ű

Ds Ű

Step 1 Step 2

Hyper Track Selector (HTS)

Scanning speed 0.5 m2/h/layer (22 m2/day)

Angular resolution ~2 mrad

Angular resolution ~0.3 mrad

100x faster than the scanning system 

of OPERA (throughput 36 GB/s)

NuFACT2022

Data acquisition 
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V alignment algorithm - very precise - sub micron

V track reconstruction - positions and angular correspondences 

V average efficiency is higher than 95%. 

V proton beam tracks were checked in detail

V processing in subvolues1.5 cm x 1.5 cm x 30 plates

Alignment and track reconstruction

track density compared to FLUKA
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~4000 tracks in 2 x 2 mm2, 15 films

1000 ɛm


